Glial cell line-derived neurotrophic factor (GDNF) Primary hippocampal culture Hypoxia Neuroprotection Multielectrode arrays Intravital mRNA detection a b s t r a c t Glial cell line-derived neurotrophic factor (GDNF) is regarded as a potent neuroprotector and a corrector of neural network activity in stress conditions. This work aimed to investigate the effect of GDNF on primary hippocampal cultures during acute normobaric hypoxia. Hypoxia induction was performed using day 14 in vitro cultures derived from mouse embryos (E18) with the preventive addition of GDNF (1 ng/ml) to the culture medium 10 min before oxygen deprivation. An analysis of spontaneous bioelectrical activity that included defining the internal neural network structure, morphological studies, and viability tests was performed during the post-hypoxic period.
This study revealed that GDNF does not influence spontaneous network activity during normoxia but protects cultures from cell death and maintains the network activity during hypoxia. GDNF created unique conditions that supported the viability of cells even in cases of cellular mitochondrial damage. GDNF partially negated the consequences of hypoxia by influencing synaptic plasticity. Intravital mRNA detection identified fewer GluR2 mRNA-positive cells, whereas GDNF preserved the number of these cells in the post-hypoxic period. Activation of the synthesis of GluR2 subunits of AMPAreceptors is one possible mechanism of the neuroprotective action of GDNF.
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Introduction
Glial cell line-derived neurotrophic factor (GDNF) is a key factor for neuronal survival that promotes the differentiation, maintenance, and viability of various cell populations in the central and peripheral nervous systems (Allen et al., 2013) . Among currently known neurotrophic factors, GDNF has the most pronounced neuroprotective effect and is mainly associated with unique properties of specific co-receptors for GDNF-GFRa. By launching signalling cascades that affect gene expression, GDNF is able to block apoptosis. GDNF exerts its neurotrophic action via GDNF/GFRa/Ret complex formation, which activates MAPK and PI3K signalling pathways that in turn can stimulate transcription factor activation and suppress pro-apoptotic proteins and caspases. Nevertheless, the mechanisms of GDNF physiological action and the entire range of its neuroprotective potential have not been fully clarified. Some data have revealed that GDNF can influence synaptic plasticity by stimulating neurotransmitter release in synapses and, therefore, may regulate the development of functional properties of synaptic terminals. The increased number of presynaptic vesicle clusters has suggested a role of GDNF in presynaptic differentiation (Bourque and Trudeau, 2000; Nguyen et al., 1998) . GDNF is able to stimulate promoter activity of GluR2 subunits of AMPA receptors, playing an important role in synaptogenesis and neural network formation, including long-term potentiation (LTP) and longterm depression (LTD) (Choi, 1992; Lipton and Rosenberg, 1994; Vedunova et al., 2013; Brené et al., 2000) . Neural networks are currently considered the minimal functional unit of the central nervous system (CNS); processes such as memory consolidation, transmission, and storage of information occur at this level of CNS organization (Yuste, 2015; Schlingloff et al., 2014; Tong et al., 2014) . Investigating the possible effects of GDNF on homeostatic plasticity of neural networks under normal and stress conditions may reveal protective mechanisms of GDNF at the systemic level. 
